We investigated the efficacy of paclitaxel-eluting stents (PES) compared to sirolimus-eluting stents (SES) when used without restriction in unselected patients. BACKGROUND Both SES and PES have been separately shown to be efficacious when compared to bare stents. In unselected patients, no direct comparison between the two devices has been performed.
Sirolimus-eluting stents (SES, Cypher, Cordis, Johnson and Johnson, Miami Lakes, Florida) (1) and paclitaxeleluting stents (PES, TAXUS, Boston Scientific Corp., Natick, Massachusetts) (2) have both been independently shown to reduce the need for repeat intervention when compared to bare-metal stents (BMS) in separate randomized clinical trials. The Food and Drug Administration approvals for these devices were granted in 2003 and 2004, respectively, and it is estimated that drug-eluting stents (DES) currently comprise 70% of the stent market in the U.S. The randomized controlled trials on which approval was granted enrolled highly selected patients with single lesions that could be covered with one DES and were compared against BMS which is not representative of daily clinical practice.
Our group has previously published the results of the Rapamycin-Eluting Stent Evaluated At Rotterdam Cardiology Hospital (RESEARCH) registry, which demonstrated that routine implantation of SES resulted in a reduction in major adverse cardiac events (MACE), principally driven by a reduction in target vessel revascularization (TVR) when compared with a historical BMS control group (3). The PES were commercialized subsequent to SES, based on the results of randomized controlled trials (4, 5) . The beneficial effect of PES in patients treated in daily practice remains to be defined. The aim of this study was to report the one-year outcomes of unrestricted/universal use of PES in patients with de novo coronary artery lesions and to compare its efficacy against our historical SES cohort (3) .
METHODS

Study design and patient population. The Taxus-Stent Evaluated At Rotterdam Cardiology Hospital (T-SEARCH)
registry is a prospective single-center registry with the main purpose of evaluating the safety and efficacy of PES implantation for consecutive unselected patients treated in daily practice. Its conceptual design and methodology are similar to that of the RESEARCH registry (6) and follows the dynamic registry design described by Rothman and Greenland (7) .
Since February 16, 2003, when PES was granted Conformité Européenne approval, it replaced SES as the default stent for every percutaneous coronary intervention. Up until September 30, 2003, a total of 576 patients with de novo lesions were treated exclusively with PES and are included in the present report (PES group). This comprised 83.7% of all patients with de novo disease who received coronary stents. In this period, only 12 patients received BMS exclusively (11 were due to requirement for stents Ͼ3.5mm, 1 patient had elevated liver enzymes that precluded longterm clopidogrel therapy). Patients treated with PES and BMS in the same procedure (20 patients), those treated with PES and SES (20 patients), those treated with SES only (15 patients), and patients enrolled in other drugeluting trials (44 patients) were not included in the present report. The PES are available in diameters of 2.25 mm, 2.5 mm, 3.0 mm, and 3.5 mm and in lengths of 8 to 32 mm in 4-mm increments for each available diameter.
This PES group was compared with a control group that comprised the active arm of the RESEARCH registry, that is the 508 patients with de novo disease treated solely with SES (SES group). Thus, the report consists of 1,084 patients treated with DES, differentiated by the type of drug coating on the stent, either sirolimus or paclitaxel. Procedures and postintervention medications. Interventions were performed according to current standard procedures, with the final interventional strategy (including direct stenting, postdilation, periprocedural glycoprotein IIb/IIIa inhibitor, and use of intravascular ultrasound) left entirely up to the operator's discretion (6) . Angiographic success was defined as residual stenosis Յ30% by visual analysis in the presence of Thrombolysis In Myocardial Infarction (TIMI) flow grade 3. Patients were advised to maintain lifelong aspirin (at least 80 mg/day) and were pretreated with 300 mg clopidogrel. Postprocedural clopidogrel treatment differed between the two groups. Patients treated with PES were prescribed at least six months of clopidogrel (75 mg/day), based on existing data from randomized, controlled trials (5) . For patients treated with SES, clopidogrel was prescribed for at least three months, unless one of the following was present (in which case clopidogrel was maintained for at least six months): multiple SES implantation (Ն3 stents), total stent length Ն36 mm, chronic total occlusion, and bifurcations. End point definitions and clinical follow-up. The primary outcome was the occurrence of MACE, defined as a composite of: 1) all cause death, 2) nonfatal myocardial infarction (MI), or 3) TVR. Myocardial infarction was diagnosed by a rise in the creatine kinase-MB fraction (CK-MB) of more than three times the upper limit of normal according to American Heart Association/American College of Cardiology guidelines (8) . In patients who underwent coronary artery bypass surgery during the follow-up period, a periprocedural MI was diagnosed by a rise in the CK-MB level of five times the upper limit of normal (9) . For patients who presented with an acute MI, a diagnosis of re-MI in the acute phase required a fall and rise of CK-MB of 50% above the previous level (10) . Target lesion revascularization was defined as a repeat intervention (surgical or percutaneous) to treat a luminal stenosis within the stent or in the 5-mm distal or proximal segments adjacent to the stent. Target vessel revascularization was defined as a re-intervention driven by any lesion located in the same epicardial vessel. Thrombotic stent occlusion was defined as angiographically documented complete occlusion (TIMI flow grade 0 or 1) or flow-limiting thrombus (TIMI flow grade 1 or 2) in a previously successfully treated artery. A committee of three cardiologists (A.O., J.A., and E.M.F.) reviewed all MACE.
All patients underwent clinical follow-up. Information about the in-hospital outcomes was obtained from our institutional electronic clinical database and by review of the hospital records for those discharged to referring hospitals (patients were referred from a total of 14 local hospitals). Postdischarge survival status was obtained from the Municipal Civil Registries at 1, 6, and 12 months. All repeat interventions (surgical and percutaneous) and rehospitalizations were prospectively collected during the In both groups, follow-up coronary angiography was clinically driven by symptoms or signs suggestive of myocardial ischemia or mandated by the operator at the end of the index procedure predominantly for complex procedures. In the PES group, three specific subgroups were restudied: left main stem stenting, crush-bifurcation procedures, and patients who were concomitantly in a vulnerable plaque study involving non-treated vessels (in total, 27% [n ϭ 154] of PES patients underwent re-study during follow-up, including 14% [n ϭ 81] that were clinically driven). In the SES group, the following "complex patient" subgroups were re-studied: bifurcation lesions, left main stem stenting, chronic total occlusions, very small vessels, long stent length (36 mm), and acute MI (in total, 40% [n ϭ 204] of SES patients were re-studied, including 8% [n ϭ 40] that were clinically driven). Because of the well-known effect of angiographic re-evaluation in increasing the incidence of repeat revascularization (11) , all re-interventions were retrospectively adjudicated and classified as either clinically driven or non-clinically driven. Clinically driven repeat revascularization was defined as any intervention motivated by a significant luminal stenosis (Ն50% diameter stenosis) in the presence of anginal symptoms and/or proven myocardial ischemia in the target vessel territory by noninvasive testing. Statistical analysis. Continuous variables are presented as mean Ϯ standard deviation, and were compared using the Student unpaired t test. Categorical variables are presented as counts and percentages and compared by means of the Fisher exact test. All statistical tests were two-tailed. Patients lost to follow-up were considered at risk until the date of last contact, at which point they were censored. The cumulative incidence of adverse events was estimated according to the Kaplan-Meier method, and Cox proportional hazards models were used to assess differences between the two strategies. Separate Cox regression analyses were performed to identify independent predictors of adverse events, using clinical, angiographic, and procedural variables contained in Tables 1 and 2 . The Cox proportional hazards regression models were used to control for differences between groups, and the final results are presented as adjusted hazard ratios (HRs).
RESULTS
Baseline and procedural characteristics. The PES patients were more often male, had more MI as their presenting symptom, more cardiogenic shock, more complex lesions treated, longer total stent lengths, and more frequently received glycoprotein IIb/IIIa inhibitors (Tables 1 and 2 ). Fewer PES patients had a history of previous bypass surgery, and fewer segments per patient were stented, although the number of vessels treated per patient was identical. Other baseline and procedural characteristics were similar. Clinical outcome. FIRST 30 DAYS. No significant differences were noted between groups with respect to the incidences of death, death or MI, TVR, or MACE in the first month (Table 3) . Mortality in the first 30 days was 2.1% in the PES group and 1.6% in the SES group (p ϭ 0.7). In both groups, most deaths occurred in patients with cardiogenic shock. Angiographically proven stent thrombosis occurred in six patients in the PES group, four of whom were treated for AMI, the other two presented with unstable angina. Two patients with AMI also underwent bifurcation stenting, as did one with unstable angina. In total, three patients with bifurcation stenting experienced stent thrombosis. In the SES group, two patients were diagnosed with stent thrombosis. One patient died as a result of stent thrombosis in the PES group.
ONE YEAR. The MACE components are presented in Figures 1 and 2 . At one year, 5.3% of patients in the PES group and 3.4% in the SES group had died (HR 1.69, 95% confidence interval [CI] 0.93 to 3.00, p ϭ 0.08). In total, 8.8% of patients in the PES group versus 7.0% in the SES group had either died or suffered a nonfatal re-MI (HR 1.28, 95% CI 0.84 to 1.95, p ϭ 0.3). The incidence of TVR was similar in the SES and PES groups: 7.3% versus 5.1% (HR 1.31, 95% CI 0.81 to 2.13, p ϭ 0.3). Clinically driven TVR was reduced by a similar magnitude in both groups, specifically 3.7% versus 5.4%, respectively (HR 1.38, 95% CI 0.79 to 2.43, p ϭ 0.3). Post-hoc analysis of clinically driven TVR demonstrates that confidence limits crossed unity, with point estimates close to unity in the subgroups Paclitaxel-Versus Sirolimus-Eluting Stents analyzed (Fig. 3) . Regarding the primary end point of MACE (the composite of death, MI, or TVR), KaplanMeier estimates were 13.9% in the PES group versus 10.5% in the SES group (unadjusted HR 1.33, 95% CI 0.95 to 1.88, p ϭ 0.10). There were two cases of late (Ͼ6 months to 1 year) stent thrombosis documented angiographically in the PES group. In one, it occurred eight months after the index procedure while the patient was on antiplatelet monotherapy with aspirin. The second occurred 11 months after the index procedure after the patient had temporarily suspended antiplatelet therapy (aspirin) for noncardiac surgery. Predictors of adverse events. To assess the independent predictors of MACE at one year, two separate multivariate analyses were performed. First, a model was built using all baseline and procedural characteristics shown in Tables 1  and 2 . Forward stepwise regression was performed with entry and stay criteria of 0.05 and 0.10, respectively. The following variables were significant: cardiogenic shock, female gender, multivessel disease, diabetes mellitus, left main stenting, bifurcation stenting, and lesion type B2/C (Table  4) . A second model built using the same variables with the end point of TVR at one year revealed bifurcation stenting was the only significant independent predictor of TVR. Adjustment for differences between groups. The Cox regression models were used to adjust the two groups by correcting for multiple potential confounders in the baseline and procedural characteristics. First, a model was built forcing stent type and all independent predictors from Table 4 (see Table 5 ). All previously significant variables remained significant except for lesion type B2/C. The adjusted HR for use of PES became even less significant, decreasing from 1.33 (95% CI 0.95 to 1.88, p ϭ 0.10) to 1.20 (95% CI 0.85 to 1.70, p ϭ 0.3), after controlling for the increased complexity in the PES group.
A second model was then built forcing stent type and significant univariate variables (independent predictors plus total stent length and number of stents), and the adjusted outcome of MACE at one year was similar between SES and PES (adjusted HR 1.16, 95% CI 0.81 to 1.64, p ϭ 0.4).
Finally, stent type was also not a significant predictor of TVR when adjusted for bifurcation stenting (adjusted HR 1.33, 95% CI 0.82 to 2.15, p ϭ 0.25).
DISCUSSION
The major finding of this report is that the unrestricted use of PES in de novo lesions is associated with a nonsignificant difference in outcome compared to SES, both unadjusted and when controlled for significant baseline and procedural characteristics. The trend toward an inferior crude outcome Table 1 .
with PES was due to the more complex characteristics of the group. The two sequential registries were separated by a fourmonth interval. Several differences in baseline characteristics were noted. More MIs including patients in cardiogenic shock were treated in the T-SEARCH registry because of the implementation of a local pre-hospital protocol that triaged more patients to primary percutaneous coronary intervention. More complex lesions were treated in the T-SEARCH registry, with a shift from type A/B1 to B2/C lesions, with more stents being implanted in the T-SEARCH registry. This in part reflects the increased complexity of cases being performed with time and as operators and referring physicians becoming more aware and familiar with DES.
The primary end point of this trial was overall MACE, and the results for this comparison are presented both unadjusted and following adjustment for significant predictive variables (Table 5 ). With the commercialization of PES, our institution switched completely from SES to PES, precluding randomization. Therefore, it was intuitive to present the data as such and imperative to statistically correct by using significant predictive variables to account for the increased complexity seen in the PES group. To preserve the prospective, consecutive, and unselected nature of both registries, and the requirement to control for multiple significant variables, the Cox regression model was used. Our results demonstrate that, following adjustment, the HR was closer to unity compared to the crude result, further confirming the increased complexity in the PES group.
The multivariate analysis (Table 4) for independent predictors of MACE is unique as it is an analysis of 1,084 DES patients treated in an unrestricted setting. In a total cohort of DES patients, cardiogenic shock, female gender, multivessel disease, diabetes mellitus, left main stenting, bifurcation stenting, and treatment of a complex lesion significantly predicted an adverse outcome. From this list, patients who possess these characteristics should undergo more regular clinical surveillance.
The major advantage of DES has been to reduce the need for repeat revascularization (1-3). In our study, the incidence TVR at one year with PES was not significantly different from the results obtained with SES. Furthermore, when the adjusted end point of clinically driven TVR was used (Fig. 2) , similar outcomes were reproduced, thus confirming that both drug-eluting systems serve to reduce clinical restenosis in an unselected population.
A nonsignificantly higher incidence of angiographic stent thrombosis in the first 30 days was noted in the PES cohort (1.0% in SES vs. 0.4% in PES, p ϭ 0.3). However, it is important to emphasize that, owing to the infrequent occurrence of this event, large numbers of patients are required to assess this complication properly. We have shown that in a larger population, the incidence rates in both DES were in the same range: 1.0% (95% CI 0.6% to 1.9%) in PES and 1.0% (95% CI 0.5% to 1.8%) in SES (12) .
At the time the T-SEARCH registry was conducted, TAXUS II (5) and the Randomized Comparison of a Sirolimus-Eluting Stent with a Standard Stent for Coronary Revascularization (RAVEL) (13) were the two published trials available with one-year MACE results from the eluting stent arms of 10.9% (slow-release arm) and 5.8%, respectively. Based on those results, the group sample sizes of our study would have been adequately powered to show a difference.
Subsequent to that, the results of larger trials of both devices-TAXUS IV and Sirolimus-Eluting Stent in Coronary Lesions (SIRIUS)-were published and demonstrated a smaller difference (8.4% vs. 7.1%, respectively). The population of this registry is an all-inclusive unrestricted one, a sample that is representative of the population seen in a tertiary catheterization laboratory. Therefore, this population is directly comparable to daily practice and the results do not require extrapolation as for randomized trials. The results of this registry complement published randomized trials. were the significant predictors plus total stent length and number of stents implanted. Abbreviations as in Table 4 .
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